ABSTRACT. During a period of substantial regulatory change, as in the case of network unbundling in telecommunications, regulators often face the challenge of setting "interim" rates for services. How, in the face of inherently imperfect information and the need to proceed according to what is invariably an expeditious plan of deregulation or industry restructuring, can the regulator select an interim rate that is the least arbitrary? In this Article, we answer that questions using, as a case study, local loop unbundling (LLU) in the Republic of Ireland in 2001. We analyze the interim prices set by the Office of the Director of Telecommunications Regulation (ODTR) for access by competitors to the local network of the incumbent carrier, eircom. The ODTR's interim prices are based on a simple average of the prices in ten European Union countries for the same service. That methodology is flawed because, with minimal effort, the regulator could have used publicly available data to produce a considerably less arbitrary interim rate. A simple average does not produce good in-sample predictions when the sample variance is large relative to the sample mean -as is the case with the prices of unbundled loops in the EU countries. Using a simple multiple regression model, we find that the ODTR's methodology ignores relevant information, such as population, wage rate, population density, and the degree of urbanization, which, in a sample of the fifty U.S. states and ten European countries, explains roughly 25 percent of the cross-sectional variation in unbundled loop prices over and above that which can be explained by the sample mean alone. The regression model would produce an interim rate that is 42 percent higher than the rate set by the ODTR. Finally, we observe that interim rates that impose artificially low pricing of unbundled network elements will discourage facilities-based investment, to the long-run detriment of consumers.
I. INTRODUCTION
During a period of substantial regulatory change, as in the case of network unbundling in telecommunications, regulators often face the challenge of setting "interim" rates for services. These interim rates supposedly areas the word "interim" clearly connotes -merely temporary. They are not intended to harden into precedent, either in terms of their ultimate level or in terms of the methodology by which regulators have calculated them. Experience may prove otherwise. Consequently, interim rates during a period of competitive transformation in a network industry may tip the regulator's hand as to the level and methodology for the permanent rates to follow.
How does a regulator set interim rates that are not arbitrary? He or she cannot. The proper question is: How, in the face of inherently imperfect information and the need to proceed according to what is invariably an expeditious plan of deregulation or industry restructuring, can the regulator select an interim rate that is the least arbitrary?
We address that question in this Article by examining the experience circa 2001 in the Republic of Ireland with the interim pricing of competitor access to the unbundled loop metallic paths (ULMPs) of the incumbent carrier, eircom plc. Such unbundling is commonly called local loop unbundling (LLU) . We analyze the interim prices set by the Office of the Director of Telecommunications Regulation (ODTR) in 2001 for access by competitors to eircom's local access network. The ODTR's interim prices are based on a simple average of the prices in ten European Union countries for the same service. That interim pricing methodology cannot be defended in theory or reconciled with prevailing regulatory practice.
In Part II of this Article, we review the theory and practice of cost-based access pricing. We explain the costing methodology employed by the U.S. Federal Communications Commission (FCC) to price unbundled network elements. International regulators from Canada to the United Kingdom have embraced the cost-based pricing standard for LLU. Next, we explain the state-level pricing outcomes in the United States. Given the consistent pricing methodology employed across the American states, the significant variations in LLU prices across (and even within) states is largely attributable to variations in the underlying costs of providing access.
In Part III, we examine as a case study the ODTR's interim pricing methodology for LLU in Ireland. We explain why the simple average adopted by the ODTR does not comply with the Local Loop Unbundling Regulation adopted by the European Parliament and Council. We demonstrate why a simple average does not produce good in-sample predictions when the sample variance is large relative to the sample mean -as is the case with the prices of unbundled loops in the EU countries. We show that the ODTR's methodology ignores relevant information, such as population, wage rate, population density, and the degree of urbanization, which, in a sample of the fifty U.S. states and ten European countries, explains roughly 25 percent of the cross-sectional variation in unbundled loop prices over and above that which can be explained by the sample mean alone. The regression model would produce an interim rate that is 42 percent higher than the rate set by the ODTR.
In Part III, we examine the social cost of deviating from a cost-based approach for pricing unbundled loops. Any such deviation will lead to a misallocation of resources. Moreover, artificially low pricing of unbundled network elements will discourage facilities-based investment. Facilitiesbased competition should be the long-run objective of the ODTR and other national regulatory authorities when they set interim rates for LLU.
II. COST-BASED ACCESS PRICING
Telecommunications regulators in the industrialized nations traditionally have based their pricing methodologies for LLU on the costs of providing the underlying service. For example, to promote competition in the provision of local telecommunications services in the United States, the Telecommunications Act of 1996 1 provides for three different forms of competitive entry in local exchange markets: (1) self-supply, or facilitiesbased entry; (2) resale of the services of the incumbent local exchange provider (ILEC); or (3) leasing unbundled network elements (UNEs) from the ILEC. With respect to the pricing of UNEs, the 1996 legislation requires that prices be "based on the cost" of providing the network element.
2 In its First Report and Order on local interconnection, the FCC introduced the concept of total element long-run incremental cost (TELRIC) to set UNE prices.
3 At the service level, that cost measure is called total service long-run incremental cost (TSLRIC). Because LRIC only considers incremental costs of a long-run nature, the total UNE price is the sum of the forward-looking long-run incremental cost of efficient network reconstruction and a reasonable 4 portion of forward- 96-98, 95-185, 11 F.C.C. Rcd. 15,499 (1996) [hereinafter First Report and Order], rev'd in part and aff'd in part, Iowa Utils. Bd. v. FCC, 120 F.3d 753 (8th Cir. 1997), rev'd in part and aff'd in part sub nom. AT&T Corp. v. Iowa Utils. Bd., 119 S. Ct. 721 (1999) . 4 In the First Report and Order, the FCC suggested that one "reasonable" cost allocation method "would be to allocate common costs using a fixed allocator, such as a looking common costs.
5 Embedded or historical costs, a second costbased approach, can serve as a validation check on proposed TSLRIC estimates.
There is no reason why TSLRIC should always be less than embedded costs. For example, TSLRIC may exceed embedded costs if loops must be placed underground in the future (as required in many U.S. locations).
6
Two factors that can cause TSLRIC and embedded costs estimates to diverge are (1) changes in investment costs (decreasing investment costs can cause embedded costs to exceed TSLRIC), and (2) changes in depreciation schedules (protracted regulatory depreciation periods can cause embedded costs to exceed TSLRIC).
7 The FCC's cost proxy model, which was used as an interim measure until the state public utilities commissions (PUCs) could set final prices for unbundled loops, produced forwardlooking cost estimates close to embedded costs (the mean difference was 0.07 percent). 8 The subsequent unbundled loop rates set by the state PUCs in arbitration proceedings were based on forward-looking cost estimates that were far below embedded costs. Indus. 5 (2000) . 12 Regulatory Authority for Telecommunications and Post, An Analytical Cost Model for the Local Network, §2.1.1 (Mar. 4, 1998) ("The Telecommunications Act in conjunction with the Telecommunications Rates Regulation Ordinance of 1 October 1996 calls for rates to be based on the costs of efficient service provision, derived from the long run incremental costs of providing service plus an appropriate mark-up for non-volume-sensitive common costs").
13 Australian Competition and Consumer Commission, Pricing of unconditioned local loop services (ULLS) and review of Telstra's proposed ULLS charges, at Ch. 3 (Aug. 2000) ("The Commission . . . has accepted that pricing based on total service long run incremental cost (TSLRIC) determined to recover the efficient costs of a 'forward-looking' network will satisfy the broad criteria, including the reasonableness criteria under section 152AH of Part XIC of the Trade Practices Act").
14 Canadian Radio-television and Telecommunications Commission, Local Competition Decision, Telecom Decision CRTC 97-8, §124 (May 1, 1997) ("The Commission notes the [Bureau of Competition's] characterization of TELRIC as an approach in which all costs are variable, including fixed costs specific to the 'element', so that all are part of long run incremental costs. The Commission also notes that, in the context of Phase II, fixed costs are not included with incremental costs and must be recovered through a mark-up. In principle, therefore, essential facilities and other facilities, to which mandated pricing is applied in this Decision, should be priced to recognize fixed common costs in addition to Phase II costs. These facilities should also be priced so as not to unduly deter facilitiesbased competitive entry"). 15 Office of Telecommunications in the United Kingdom, Statement on the implementation of shared access to the local loop in the UK, §3.3 (Dec. 2000) ("Accordingly, Oftel will use the following set of high level principles to establish the initial price of shared loops and any ongoing adjustments: (i) The price of the loop will be cost-oriented and set on the basis of reasonably and necessarily incurred long run incremental costs (LRIC) . . .").
tions vary greatly across regions. The sharp contrast between densely populated areas, such as Dublin, and remote areas, such as western Ireland, necessitates different network architectures and hence costs in different parts of eircom's access network. Urban areas likely will have a higher cost per line than do major cities because urban areas require more extensive use of (entirely new) underground ducts with longer route lengths than those of major cities. 16 It would be arbitrary, in the sense of ignoring obvious cost differences, to assign the same price for LLU across those differing areas.
The notion that access prices should conform to local circumstances is well documented in U.S. regulatory history. In the First Report and Order on local interconnection, the FCC empowered state PUCs to arbitrate "geographically deaveraged"
17 UNE rates to meet the 1996 Act's mandate that rates for interconnection and unbundled elements be "based on the cost . . . of providing the interconnection of network elements."
18
After surveying the state PUCs' different costing methods for geographically deaveraged "zones", the FCC concluded that "three zones are presumptively sufficient to reflect geographic cost differences in setting rates for interconnection and unbundled elements, and that states may, but need not, use these existing density-related rate zones."
19
The FCC recognized that UNE costs must be assessed in light of states' varying population densities and geographical conditions. Most American states have established three density-based zones for access pricing. 20 Table I shows the deaveraged monthly unbundled loop rates established by the state PUCs in the United States, according to a report released in 2001 by the National Regulatory Research Institute, an organization created and supported by all of the independent public utility regulators in the country.
As Table I shows, the average monthly price for an unbundled loop in areas with comparatively high population densities (zone 1) was $13.49. The average monthly access price for zone 2 regions was $17.97. The average access price for the least densely populated regions (zone 3) was $29.25.
Elsewhere, one of us has written at length that the FCC's regulatory practices in general, and the TELRIC methodology in particular, 16 are far from perfect. 21 The TELRIC methodology excludes incumbent firms' shared and common costs, discourages facilities-based investments, and effectively subsidizes inefficient competition. 22 However, despite TELRIC's shortcomings, it is far superior to the LLU pricing methodology proposed by some European regulators. In the following section, we outline and explain the errors in the interim LLU pricing of one such regulator, Ireland's ODTR. 21 Rev. 1068 Rev. (1997 . 22 Sidak & Spulber, Tragedy of the Telecommons, supra note 21, at 1107-1110. Alternatively, one of us has advocated the combination of the market-determined efficient component-pricing rule (M-ECPR) with a system of competitively neutral end-user charges. Such a system would establish a cost-based pricing environment that compensates incumbents and creates present and future incentives for efficient competitive entry. Id. at 1093 et seq.
III. THE ODTR'S INTERIM PRICING METHODOLOGY
We examine now as a case study the ODTR's pricing methodology for LLU in Ireland. The ODTR's interim pricing methodology is flawed in three fundamental respects. First, because it is not based on relevant costs, the simple average adopted by the ODTR contravenes established EU law. Second, a simple average does not produce good "in-sample" predictionslet alone reliable "out-of-sample" predictions -when the sample variance is large relative to the sample mean. Third, the ODTR's methodology does not incorporate relevant information, such as the population density and the degree of urbanization, which can explain a significant amount of the variation in the LLU prices that regulators have set across the EU countries.
A. The Failure of Simple Averages to Conform with the Regulatory Mandate of the European Union
On December 18, 2000, the European Parliament and Council adopted Regulation 2887/2000 on unbundled access to the local loop, known as the LLU Regulation. 23 The LLU Regulation aims at "intensifying competition and stimulating technological innovation on the local access market through the setting of harmonised conditions for unbundled access to the local loop."
24 Article 3 of the LLU Regulation addresses the provision of unbundled access in general, and section 3 of Article 3 explains the relationship between pricing and costs: "Without prejudice to Article 4(4) [specifying the conditions for relief from regulation], notified operators shall charge prices for unbundled access to the local loop and related facilities set on the basis of cost-orientation."
25 Although the price of an unbundled loop is to be based on costs, the LLU Regulation does not provide any detail as to how those costs should be estimated. Finally, the LLU Regulation does not mention alternative methodologies, such as international benchmarking. Only cost-based pricing is embraced. 24 Id. at Article 1, §1. 25 Id. at Article 3, §3. 26 To be fair, nothing binds the NRAs as to their short-term intervention on access pricing. The European Commission followed a similar approach for interconnection prices. See Recommendation (EC) 98/195, Official J.L. 73/42. After cost-accounting systems were in place, the Commission decided to discontinue its benchmarking approach for interconnection pricing. See Seventh Report on the Implementation of the Telecommunications Regulatory Package: Communication from the Commission to the Council, the European Parliament, the Economic and Social Committee, and the Committee of Regions, COM In April 2000, the ODTR nonetheless justified the use of international benchmarking as a means to facilitate competition:
The application of LRIC is new to the Irish market and it will take time to apply LRIC to access network costs. As a temporary measure to facilitate the speedy rollout of LLU, the Director believes it may be necessary to set interim prices with regard to other relevant information such as appropriate historic costs, current costs, and international benchmarking. 27 The ODTR suggested that benchmarking, rather than being applied in isolation, would be used in conjunction with cost-based methodologies to ensure that cost estimations conformed to European standards. Indeed, the ODTR undertook a comprehensive internal research program, which included "modelling of access costs based on LRIC, the use of current and historic cost information, international benchmarking, and review of eircom's pricing proposals" as relevant factors.
28 ,29 The ODTR did not suggest that international benchmarking would be used if eircom failed to produce relevant costing data.
In April 2001, the ODTR imposed the use of international benchmarks in lieu of eircom's cost-based proposal, "principally because of the difficulty of assessing an appropriate price for line rental, at this time, on the basis of the current information available from eircom."
30 According to the ODTR, its authority to impose interim pricing was grounded in Article 4 of the LLU Regulation:
The LLU Regulation . . . obliges the National Regulatory Authority (NRA), under Article 4(1), to ensure that charging for unbundled access to the local loop fosters fair and sustainable competition. In the case of Ireland, the ODTR is the NRA. Furthermore, (2001) 706 at 15 ("Benchmarks have proved very useful in the transition to full verification of costs of regulated services. However, the continuation of formal benchmarking in relation for example to interconnection through recommendations could be counterproductive, since it sends the signal that cost oriented tariffs can to a certain extent be achieved without imposing cost accounting principles"). In that report, the Commission noted the Irish decision on LLU pricing, and it did not express any disapproval of it. See id. at Annex 199. 27 Office of the Director of Telecommunications Regulation, Report on the ODTR consultation on local loop unbundling, Decision Notice D6/00, Doc. No. ODTR 00/30 at 27 (released Apr. 2000). 28 Id. at 27. 29 The setting of rates using LRIC requires caution. The setting of LLU rates on a basis of the estimated costs of a hypothetical, most-efficient network can be an exercise divorced from reality and lacking a proper foundation in economic theory. For a detailed review of the dangers of applying LRIC models, see Sidak & Spulber, supra note 5, at 403-426. Article 4(2)(a) provides that the NRA shall have the power to impose changes on the Reference Offer, including prices, where such changes are justified; and under Article 4(2)(b) require notified operators to supply information relevant for the implementation of the Regulation. Under Article 4(3) the NRA may intervene on its own initiative in order to ensure non-discrimination, fair competition, economic efficiency and maximum benefit for users. 31 The ODTR conceded that it could impose its own standard unless its alternative methodology promotes each of the four objectives contained in Article 4(3) of the LLU Regulation, including economic efficiency (the other three objectives being non-discrimination, fair competition, and maximum benefit for users). Economic efficiency can be broadly defined as the absence of waste, and an efficient economy uses all of its available resources to maximize overall output to the extent technological constraints permit.
32
To justify its interim pricing solution, the ODTR argued that an interim access price based on a simple average of a handful of European states is a necessary and sufficient condition to achieving its three objectives: fair competition, economic efficiency, and maximum benefit for users.
33
In particular, the ODTR claimed that the interim prices (1) will "ensure" the three goals, and (2) are "necessary for fair competition, economic efficiency, and maximum benefit for ends users." 34 To an economist, the terms "necessary" and "sufficient" have serious implications. If prices based on a simple averaging were indeed sufficient to achieve the three stated objectives, as ODTR asserts, then why would ODTR (or any regulator for that matter) incur the high costs of estimating the incremental costs of a network with complex tools such as LRIC or historic cost models? Moreover, if prices based on a simple averaging were indeed necessary to achieve fair competition, economic efficiency, and maximum benefit for users, as ODTR asserts, then it must be the case that any regulator that has not relied on a simple average (such as the FCC in the United States or Oftel in the United Kingdom) must have failed to achieve these three objectives.
Article 4(2) of the LLU Regulation grants the ODTR the power to "impose changes on the reference offer for unbundled access to the local loop and related facilities, including prices, where such changes are justi- 31 Id. at 6 (emphasis added). 32 fied." 35 The most sensible economic interpretation of the regulation is that the ODTR's exercise of that power must be justified by reference to some positive failure by the incumbent carrier to base its prices on cost orientation. Furthermore, having regard to the specific provisions of Article 1(1) of the Regulation, any changes should aim not only at intensifying competition, but also at stimulating technological innovation. In Part III below, we will explain how the ODTR's deviations from the principles of economic efficiency exacerbate its failures to meet the LLU Regulation's mandate to promote "fair Competition" and "maximum benefit[s] for users."
B. The Poor Predictive Power of Simple Averages When the Sample Variance Is High
In choosing its interim unbundled loop prices for Ireland, the ODTR used a simple average of the unbundled loop prices for ten EU nations. 37 In the language of statistics, the ODTR used an in-sample average to predict an out-of-sample value. A simple average is the most basic statistical methodology to predict out-of-sample observations. Indeed, more advanced statistical methods, such as regression analysis, use the simple average as a benchmark to measure the predictive power of more sophisticated methods. 38 As the following example illustrates, a simple average serves as a poor in-sample predictor whenever the variance of the sample is large relative to the sample mean.
To determine the goodness of fit for any predictor, statisticians typically rely on the residual sum of squares (RSS), which is the summation of the squared differences between the actual value and the predicted value.
39
The differences are squared before summing to treat negative and positive residuals the same. As an illustration, Table II presents two samples of ten observations each.
As Table II shows, when the variance of the sample values is small, the simple average is a good predictor -the RSS is only six. By contrast, 35 when the variance of the sample values is large, the simple average is a poor predictor -the RSS is 96. This simple illustrative example demonstrates the first flaw of the ODTR's interim pricing methodology. Because the sample variance of the monthly prices for unbundled loops from the EU nations was large (8.91) relative to the sample mean (13.53), a simple average is a poor in-sample predictor. Table III shows the in-sample RSS when the simple average is used as a predictor of the LLU rental rate.
As Table III shows, the in-sample predictive power of the simple average appears to be low -the RSS is 80.42. The residual for individual observations is high, because the sample variance across EU states is high. The ODTR should have recognized that, because the simple average of monthly unbundled loop rates is a poor in-sample predictor (for the ten EU countries), the simple average would not provide a good out-ofsample predictor (for Ireland). As we demonstrate in the following section, there are better ways to predict the price of an unbundled loop for an out-of-sample country. 
C. The Failure of Simple Averages to Explain the Variation in the Prices of Unbundled Loops Across Countries
Economists have long recognized that simple averages are not the best out-of-sample predictors because they fail to incorporate all available information. Using the same data from our earlier example in Table II , suppose that the values are test scores and that five of the ten students took a class to prepare for the test. The five students who took the class are marked in bold in Table IV.  As Table IV shows, the mean of the students who took the class was 7.4, while the mean of the students who did not take the class was 2.6, and the mean for all students was 5.0. Using the simple average across all students to predict the value of each student -both those who took the class and those who did not take the class -yields an RSS of 96.0. Using the separate means of the students who took the class and did not take the class to predict their scores, respectively, yields an RSS of 38.4. Failing to Mean without class 2.6 Mean with class 7.4 * Difference between actual value and sample mean of all students. * * For students who took the class, difference between actual value and sample mean of students who took the class. For students who did not take the class, difference between actual value and sample mean of students who did not take the class.
incorporate this critical piece of information (whether or not the student took the class) results in less accurate in-sample prediction.
One can apply this lesson to the task of setting interim rates. 40 By taking the simple average across all EU countries, the ODTR failed to incorporate vital information that might explain the variation in the prices of unbundled loops across countries. Table V presents data for the individual countries that might be correlated with the price of unbundled loops.
As Table V shows, Ireland's total population, population density, degree of urbanization, and wage rate index are less than the corresponding averages for the other countries used in the ODTR benchmark. Those facts are highly relevant to the costs of a local telecommunications network because the supply of local telephone service exhibits strong economies of density and scale. 41 For example, densely populated areas or areas with a high degree of urbanization should have lower costs, which in turn produce lower access prices. Hence, we expect population density and urbanization to be negatively correlated with the access charge. Because the wage rate is an important component in the cost of building telecommunications networks, we expect the access charge to be positively correlated with 41 See, e.g., Laurits R. Christensen, Diane C. the wage rate. Other technical factors not considered here, including the number of local exchanges in proportion to the population, could have explanatory power as well. The point of the exercise, however, is not to maximize the explanatory power of the model. The point is simply to show that any explanatory variable could improve the predictive power of the model relative to the average of the dependent variable.
In a regression analysis, the goodness of fit is measured by the extent to which the independent variables explain the variation in the dependent variable relative to the mean of the dependent variable. Because the ODTR benchmark is based on a sample of only ten European countries, it is difficult to measure the predictive power of the model by running a regression on the European data and producing the standard R 2 statistic. Therefore, we included data from each of the fifty U.S. states (and the District of Columbia) in a regression model to (1) determine the reduction in the residuals that can be explained by the independent variables and (2) predict the LLU monthly rental rate in Ireland based on total population, population density, degree of urbanization, and the wage rate index in Ireland. Although there might be institutional differences in the way that access rates are set in the United States and in Europe, the relationship between demographic variables and the access rate should be consistent across the two regimes. Hence, it is appropriate to combine the U.S. and European data. Thus, the monthly rental rate for local loops can be explained by the following equation:
where P is the total population, D is the population density, U is the degree of urbanization, and W is the wage rate index. Coefficients are represented by the various beta terms, and the alpha term is a constant. The results of our regression model appear in Table VI , and the regression statistics appear in Table VII. As the R 2 in Table VII shows, our regression model explains 25.8 percent of the variation in the LLU rate over and above that which can be explained by using the mean LLU monthly rental rate alone. Moreover, had the ODTR incorporated the total population, population density, degree of urbanization, and the wage rate index into its pricing model, the ODTR would have set eircom's LLU monthly rental rate at C = 19.22. 42 This rate is approximately 42 percent higher than the interim rate that the ODTR set in April 2001 of C = 13. 53. 43 Stated differently, with a model that made better in-sample predictions, the ODTR could have made a better out-of-sample prediction of the appropriate price for eircom to charge for an unbundled loop. That superior predication would have compelled the ODTR to set a higher price for eircom's unbundled loops than it did. The adverse social consequences of the ODTR's miscalculation are significant, as we shall next explain.
In is filings before the High Court, the ODTR admitted that it "recognised that country specific factors would influence a cost-oriented price." 44 Although the ODTR conceded the importance of such factors, ODTR ignored those factors in its interim pricing analysis, arguing in the same paragraph that "it was doubtful that these [country-specific factors] would be sufficient to resolve the differences in prices." 45 Next, the ODTR argued that "the sample data underpinning eircom's LRIC model was far too small and unrepresentative and, consequently, fundamentally undermined 43 See ARO Decision, supra note 30, at Figure 2 . 44 Affidavit of Gerard Woods, filed on behalf of the Director of Telecommunications Regulation (Oct. 31, 2001 ) at §14. 45 Id.
the credibility of the results produced by the model." 46 Ironically ODTR's interim pricing model, which also samples from a handful of countries, would flunk the standard by which the ODTR criticized eircom, and thereby "fundamentally undermine" the credibility of the ODTR's own results.
IV. THE HARM FROM THE ODTR'S DEVIATION FROM A
COST-BASED APPROACH The ODTR's underestimation of the true resource costs of supplying unbundled network access can harm both consumers and producers. 47 An unbundled loop price that was based on the ODTR's errant cost estimations would create and perpetuate an inefficient allocation of resources by discouraging network owners, such as eircom, from investing in efficiencyenhancing upgrades to their capital stocks, while encouraging entrants to delay investments in new innovative technologies. The ODTR's pricing policy would retard facilities-based competition and efficiency-enhancing innovation.
A. Resource Misallocation
The concept of economic efficiency can be understood through the principles of Pareto optimality. The theory of "potential Pareto superiority" dictates that public policies and regulations should promote aggregate social welfare by ensuring no one producer or consumer benefits at the expense of another. 48 Article 4 of the LLU Regulation effectively codifies the principles of Pareto optimality by directing the national regulatory authority to promote "fair competition, economic efficiency and maximum benefit[s] for users." 49 When prices for unbundled loops are set below actual costs, rival telecommunications providers receive the wrong signals, and thus overuse the incumbent's unbundled loops and underin-vest in their own network facilities, thus violating the principles of Pareto efficiency.
By prescribing an artificially low price for the use of eircom's assets, the ODTR's methodology would discourage investment in network infrastructure. The ODTR's interim price of LLU precludes eircom from recouping the full market value of its investments, while simultaneously inviting competitors to demand the use of eircom's assets at the ODTR's artificially low prices.
The ODTR argued that it was reasonable to impose penalties on eircom in response to eircom's alleged failure to provide sufficient cost documentation. This logic was flawed for two reasons. First, even if eircom did not provide information to the ODTR in a timely manner, it does not necessarily follow that the ODTR produced a reasonable interim price.
Second, although the ODTR has a legitimate interest in obtaining information on a timely basis, we reject the form of eircom's punishment. Unfortunately, the costs of mispriced inputs are borne by other members of society, including all consumers of telecommunications services. If the ODTR needed a stick to induce eircom to produce documentation in a timely fashion, then it could have imposed fines, which would have been incurred by eircom alone. Imposing a penalty in the form of artificially low access price causes third parties -namely, telecommunications consumers -to incur costs. Stated differently, there are other forms of penalties that would allow the ODTR to achieve its important objective of obtaining information in a timely fashion. The interim price for LLU is too blunt an instrument for that purpose.
B. Disincentives for Facilities-Based Investment
In addition to promoting "fair competition" and "economic efficiency", Article 4 of the LLU regulation also directs the national regulatory authority to encourage innovations that provide "maximum benefit for users." 50 However, technological innovations that maximize consumer welfare require producers continuously to upgrade their capital stocks to provide efficiency-enhancing services.
In addition to deterring eircom's facilities-based investments, the ODTR's price for eircom's unbundled loops would give eircom's competitors incentives to delay or forgo investments in new network facilities. Investment decisions in the telecommunications industry are particularly risky because new innovations in differing and competing technologies continually leapfrog one another. In a technologically dynamic industry, 50 Id.
an incumbent firm has already sunk enormous amounts of capital into its extant network; consequently, incumbents bear the brunt of risky investments into uncertain technologies. In contrast, competitive local carriers retain the freedom to choose between (1) investing in uncertain facilitiesbased technologies to compete with incumbent carriers on their own terms and (2) delaying their investment decisions indefinitely to gain more information regarding the relative success of the incumbent firm's investment decisions. 51 The ODTR's pricing of eircom's unbundled loops would reward competitive carriers for waiting to make their own facilities-based investments. An entrant's freedom to wait to make sunk investments is a "second-mover" advantage that is, in the jargon of financial economics, a real option having substantial value. 52 Hence, the ODTR would discourage both eircom and its competitors from making new facilities-based investments. By deviating from eircom's cost-based pricing methodology, the ODTR would preclude eircom from generating fair and efficient returns on its investments. Moreover, eircom's competitors would also lose their incentives to invest in new facilities of their own, preferring instead to shift the risk of new investments to the incumbent firm and exploiting instead the option to lease artificially cheap unbundled loops. 53 Because it perpetuates a system of asymmetric risk and unequal terms of competition between eircom and its competitors, the ODTR's method for calculating interim rates violates the LLU regulation's mandate to promote "fair competition." 54 This retardation of investment in facilities by entrants into local telephony is significant. Recent research based on the U.S. experience with LLU shows that competitive local exchange carriers (CLECs) that invested in their own network facilities after the Telecommunications Act of 1996 were less likely to go bankrupt than CLECs that relied on total-service resale or leasing of unbundled loops. 55 It is unlikely that the failures of CLECs in the United States that did not build their own facilities can be attributed to ULL prices being too high, for American regulators have set ULL rates at TELRIC-based levels that the incumbent carriers have asserted in court are so low as to be uncompensatory. Rather, the CLECs' business strategies, and the execution of those strategies by their management, appear to have been more successful when the entrant could offer customers the assurance that it operated its own network. These concerns about network reliability can only grow in importance after the terrorist attacks of September 11, 2001 . The relevance of this American experience for Ireland is that, incorrectly low ULL prices that discourage investment by entrants in Ireland may have the secondary effect of thwarting Ireland's goal of "effective competition" by inducing entrants to choose a business strategy that carries greater risk of customer rejection and possible bankruptcy.
Finally, because the ODTR's rule would deter future facilities-based investments, it would deviate from the long-term goal of deregulation by propagating an uneven playing field between eircom and the competitive local providers. The long-term goal of deregulation of telecommunications should be facilities-based competition between multiple companies. But, as AT&T's chief executive officer has recognized: "No company will invest billions of dollars to become a facilities-based . . . services provider if competitors who have not invested a penny of capital nor taken an ounce of risk can come along and get a free ride on the investments and risks of others." 56 V. CONCLUSION Underestimation of access prices distorts the investment decision-making processes of both the incumbent local exchange provider and its competitors and threatens to retard the long-term growth of the telecommunications industry. Interim prices for LLU based on a simple average of the prices in European Union countries is flawed because the regulator could 55 have used publicly available data to produce a considerably less arbitrary interim rate. In contrast, the simple econometric approach presented here is a reasonable method to satisfy the LLU Regulation's directive to provide the incentives necessary to encourage future network investments, efficiency-enhancing upgrades, and facilities-based competition.
